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CROSS REFERENCE TO RELATED APPLICATION 
This application claims priority under 35 U.S.C. § M 9(e) to U-S. Provisional 
Application Serial No. 60/372,323, entitled '^METHOD FpR INTERNALLY LABELING 
THE ORIENTATION OF EXPOSURE OF RADIATlM-SENSmVE PLATES BY 
PRODUCING A RECOGNIZABLE PATTERN WrTfflN THE INFORMATION SET 
PRODUCED BY SUCH EXPOSURE,'' filed on April 12, 2002, and to U.S, Provisional Patent 
Application Serial No. 60/431,282, entitled «A RAMATION SENSITIVE RECORDING 
PLATE, A METHOD OF MAKING SAME AND A METHOD OF RECORDING AND 
ORIENTING IMAGES," filed on December 6, 2002, and to U.S. Patent Application Serial No. 
10/392,158, entitled "A RADIATION SENSITTp RECORDING PLATE AND METHOD 
OF MAKING AND USING SAME," filed on March 18, 2003, all of which are herein 
incorporated by reference in their entirety. 



BACKGROUND 

/ 

This application relates generally to image processing. More specifically, the 



application relates to identifying image orieijtation. Yet more specifically, the application 
relates to identifying image orientation in medical and dental X-ray shadow-grams. 

Images produced in conventional roll-film cameras, on film, are easy to orient correctly 
because the camera is constructed in such i way that the emulsion of the film always faces the 
lens. Because of the shapes of film cassettes and cameras, the film cannot be inserted in 
modem cameras with the emulsion fecuiglaway from the lens, so it is always known that Ae 
light, or other radiation recorded by the film, struck the film fix)m the emulsion side. Thus, 
when orienting slides for projection, or film images for viewing on a light box, it is always 
known to put the emulsion toward the projection lens in the slide projector, or to put the film 
on the light box with the emulsion towards the viewer. When that is done, the image seen by 
the viewer, whether projected or viewedjon the light box, will have a known defined - 
correspondence with the orientation of the objects in the original scene. Moreover, even if 
orientation is lost, reorienting based on determining where the emulsion is will reestablish 
proper orientation. 

Likewise, digital images produo 5d using cameras with detectors such as charge-coupled 
devices (CCDs) that are sensitive to ex] osure from one side only are inherently unambiguous. 
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fiom Fia 3 8 that for both the "porttailf and for flie **landscm6" oiientadon a 
combination of rotation within the plane and reflection throj4t a perpendicular plane 
manipulation^ as described earlier, is sufficient to generateaU the possible locations of 
the markw. It is also evident that all paths involving odil number of reflections Oi.e. 
5 one which generates a net shift of the image to a difE^pit row in FIG, 38) are 

qualitatively different firom the paths involving an even number of reflections (Le. no 
net shift of row generated in tiie process). Therefore, assuming an origmal position of 
the marker 3811 in the lower right comer in a "laddsc^tf ' orientatidn as in image 
3801, it is clear that relative to origmal image 38^1, the laterality of image 3803 has. 
10 not been reversed but tiiatofhnage 3807 has bdbn Furthermore, vwthout the 

knowledge of the original image 3809, 3810 i^is possible to deduce its laterality by 
observation of the marker location and the •*Rbrtraif * vs. *1andsc^e?* orientation of 
the plate. It should also be noted lliat teeth orf the lower and the iq>p^ jaw are 
significantly enough different to allow tfaeiEr recognition in radiographic images 
15 thereby preserving orientation in the'istipeaM dioiension. By analogy, if the 

long arrow 38 10 is assumed to serve as a recognizable index fi>r tbe supmor 
du^tion, and the short am>w 3809, the forward <Urection, then only hnages 3801 and 
3805 present unages propwly oriented ^Pf^ respect to the superior-inferior dimension. 
Furtiiermore, of those two, only image 3»01 has preserved the ori^ml laterality of the 
20 object casting the shadow. Further conmlicating the situation is that.tlie plate could 
have been ejqwsed firom the **back sider* and viewed firom tiie "fix>nt side", resulting in 
unage 3805 . Hiis image must be reflected horizontally to be' viewed in the "conrecf * 
orientation of image 3801* / 

. Suppose, for the purpose of analyzing the images in FIOS. 2, 3, 4 and S, that 
25 the technician, dentist qr other exposing this patient's digital dental X-ray plate 104 
has oriented the '^nt side" defined kbove» carrying the open circle^ and consequenfly 
die sensitive side of the plate 104, tcpard the X-ray source located at the position 
SORCU L, and in the lower ri^ comer of Ifae plate 104 as viewed firom the direction 
of the X-my source located at the p( sition SOURCE L. FIG. 3 is the hnage read fix>m 
30 the **fit>nt side of the plate 104, whc a the plate so oriented is exposed by an X-ray at 
the location designated SOURCB R . If the dentist reading such an unage is aware 
that the esqposure has been made m the '*wrong " side, i,e., the *l3ack side*', of die 
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plate, the dentist can use image processmg sofb? rare to reorient the image liorizontally 
flipping the image, as shown in FIG. 2. Mark 20 1 is transposed from the right to the 
left, side of the image. The same plate 104, oriekted the same way, but e:q}0S6d 
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FIG. 41 is a plan view of a plate showing the telative poations of dual ''front 
side" markers (soli<Q and dual 'l^ack side" markers (phantom); 

FIG. 42 is transform map of tibe plate of FIGI 41; 

FIG. 43 is a crqss-sectional view of an a^ect of an embo^ment of the 
invention using a rivet or hrad to form both a "front side" marker and a '*baok side" 
marker; 

FIGS. 44A & 44B is a plan views of a douole-phosphor plate showing the 
relative positions of a **fiont side" marker (solid ai row, phantom arrow) and a **back 
side" marker Ophantom diamond when viewed from eilher side, and representii^ 
exposure and vie\ra^fix>m1he same side; I . 

FIG^ 45 is a plan view of an image produc bd by a double-phosphor plate 
showing the relative positions of the **front side" narker and tiie **back side" maricer 
v/beoL exposed from one side and viewed from Ifai \ other side, after die image has been 
flipped horizontally; 

FIG. 46 is an exploded perspective view < >f a plate according to aspects of an 
embodiment of the invention including at least one fi^e applied to the plate; 

FIG. 47 is an exploded perspective view of a plat© having a transparent 
substrate and protective layer, so that the plate can be read from either side; 

FIG. 48 is a plan view of an image produced by the plate of FIG. 47 which has 
been exposed from and read from the same side; 1 

FIG. 49 is a plan view of an hnage produced by tiie plate of FIG. 47 which has 
been exposed from one side and read from the other side; 

FIG. SO is a plan view of a plate adapted to receive a com^niarker feature; 

FIG. 51 is a perspective view of the comen marker feature to be received by 
the plate of FIG. 50; 

FIG.52 is a bottom edge view of tiie plate <^FIG. 50, includmg tiie comer 
marker feature of FIG. 51; and 

FIG. 53 is a plan view of a plate having a simplified marker syst^ accordhig 
to some a^ects of embodiments of tiie invention. 



DETATD^ED DESOUFilGN 
A detidled description of various aspects of embodiments of the invention 
follows. This invention is not Umited in its applicatioifi to the details of construction 
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and the amingement of components set forth in fl e following description or illustrated 
in the drawings. 
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reflect horizontally the image 4008, to prodiu^ 5 image 4010. The corrected image 



4010 has the thick, 'iDack side^ maiier arrow 
A simple rule can be derived from the 



at the upper edge &ciiig left, 
four foregoing hypothetical using 



aspects of the Ihird embodimenl^ whereby any image produced using flie embodiment 

5 can be quickly and accurately oriented con^ctly for viewing^ For Ihe landscape mode 

i 

images, after orienting an image correctly with respect to superior^^erior parts using 
rotation, any marker arrow at the top edge ofthe unage should point left, any marker 
arrow atthe bottom edge ofthe image should point right The ima^ must, usmg 
. soflware, be reflected horizontaUy to acMeve correct orientation if fe^ 

10 mifially. I 

In a fourth embodiment of the invention, illustrated in FIG. 41, two **front 
side" 4101, 4102 and two **back side" niaikLs 4103, 4104 are used in the foUowfaig 
manner. The relationship between markers klOl, 4103, and 4104 is sunilar to that 
described in connecfion with markers 3901 Lad 3902 of the flurd embodunent. 

15 However, a second set of markers 4102, 4104 bearing a similar relationship is located 
at the point of reflection ofthe first set through a line passing perpendicularly flirou^ 
the center ofthe &ce of the plate* I 

All possible knages 4201-4208 genwated by scanning such a plate exposed to 
a radiation source form flie **fix>nt side" and fiom the "back side'* are shown in 

20 corresponding positions to those of FIG. 40. rThe arrows associated with the properly 
oriented images all point to the right if Ihey are in Ihe lower half of Ihe image and to 
the left if they are in the upper half of the im^e, maldng a rule stated above evra 
easier to apipfy. Such design ofthe marker shL)e and location in the processed image 
&cilitates not only accurate and unambiguous |>rientation but also further reduces the 

25 number of decisions tiiat an operator must make in the process of arranging tihie 
images in liie mount, thus reducing the time lemiired for the operation* 

Furthermore, even if one ofthe maikers should be obscured by the shadow of 
a clinical structure which is radiopaque, e.g. a metallic filluig or crown, the other is 
present to even in this rare situation provide indi(^on of Ihe lateralily ofthe image; 

30 In a yet another embodiment ofthe invention, the plate is fitted with two 

layers of sensitive material, each possessmg a smafl "fi:ont side" mariner and allowing 
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the mechanism which converts Ae latent image into a visible diagnostic image to read 
the plate from either or both sides and producing arecognizable pattern of that marker 
in such a diagnostic image^ and a dififerent indicator-informing marker, housed 
between tiie two sensitive layers, ' 
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capable of producing a recognizable patter, prefe rably the image of the **front side" 
marker as in the foregoing embodiment, readable from either of tiie sensitive layers if 

such material lies between a radiation source and that layer. 

f 

An example of aspecis of this embodiment is shown by the plate 4400 
5 illustrated in FIGS. 44A and 44B. The **frpnt si|e" marker set FIG. 44A is 

compromised of two pairs^ one pair on each sid^ of two arrows 4401, arranged on the 

I 

plate in the following maimer: each arrow, lymg along and near a long edge if the 
plate, originates near Ibo midpomt of die nearest long edge, originates near the 
midpoint of the neaiest long edge and points toward Ihe right short edge if it is located 
10 near the lower edge, or toward the lefi ^ort ed^ if lying near the upper long edge. 

The same anangement of arrows is present on the reverse side of the plate. The two 

I 

arrows reflect onto one another through the point of intersection 4402 of the long 

44b3 and the diort 4404 axes of synametry of the plate as r^resented m FIGS. 44A 

I 

and, 44 B. The resulting ••ftont side'* marker configuration is such that the two sides 
15 4405 and 4406 of tiie plate are indistinguishablepom one another through any 

manipulations that preserve tiie ."landscape'' or **portraitf * orientation of the plate 4400, 
Le. any 180 degree or multiple thereof rotation ^ut any of the princ^al axes 4403 
and 4404 of symmetry or the point 4402 of s^nounetry. 

According to fiirfher aspects of tiiis emboliimmt^ between the two phosphor 

I 

20 fihn layers lie near die tail ends of each of the four arrows 4401 , radiopaque medium 

I 

deposits 4407 which can cast a shadow onto the phosphor on the other side of the 
plate opposite the source of radiation and the radiographed object In the landscape 
orientation (as shown), the above anangement of £UTOw-shaped''*fi:ont side" markers 
440 1 and intemal material 4407 compromismg a Hock side" marker, any hnage of an 

25 object exposed fiom and read firom the same side ofthe plate will have proper 
orientation, as always, as scanned, with the lower edge arrow 4401 pomting to flie 
right and the "^ack side" nxaiker 4407 shadow absent On the other hand^ as shown in 
FIG* 45, any image 4501 of an object exposed from one side of the plate and read 
from the other will refveal tiie back side" marker imag^4502, which will appear at the 

30 right side, i.e. the tail, of the lower arrow 4503 when dfegnostic image has been 
properly oriented by the software. An hnage with the lower arrow (FIG. 44, 4401) 




pointiiig right in the absence of tiie *1>ack sideV marker shadow has also been properly 
oriented. However, an image (oot shown) witm a ^^ack side'' marker shadow present 
at the left end, i.e. the taiU of the '^nt side'^ m^ker would Indicate an image hi 
which right and left are reversed and requiring software reflection for 
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1 0. The plate of claim 9, wherein the marker is/a rivet having a head and a foot 
head and tiie foot covering different areas. 

1 1 . The plate of claim 9, wherein the maricer/comprises: 
a front frame; and 
a back frame; 

the front frame and the back frame covering diferent areas. 



12. The plate of claim 9, wherein the maricer comprises: 
a front-side pattern alv^ys present in the image; and 

a back-side pattern present in the image in cpmbination witib the front-side pattern after 
exposure from the back ^de. 

13. The plate of clium 9, wherein the n&ricer comprises: 

a comer element having a front and a backf the front and tihe back covering different 
areas not including a region of interest. 



14. The plate of claim 9, having a layer sensitive to the radiation that is readable 

only from the front side, Ae back side maricer ftirther comprising at least one of a material that 

* f 

enhances reading the smsitive layer and a material that attenuates reading of die sensitive 
layer. 
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15. The plate of claim 9, wherein aJback side maricer fiu^her comprises at least 
one of a material that enhances e?q>osure of tihiecplate m a defined region and a material that 
attenuates exposure of the plate in the defined r sgion. 

1 6. The plate of claim IS, wherein tlie back side marker further comprises one of a 
heavy element; an alloy hicluding a heavy elemen:^ a compoimd including a heavy element or 
a salt of a heavy element. I 

17. The plate of claim 16, the heavy element being one of Pb, Sn, Bi, I and Ba. 
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1 8. The plate of claim 1, further 
the image \^ose appearance in flie image on tfa< \ 



con^prising a fix>nt side marker producing a mark in 
plate indicates e?q)OSure ftom tiie front side. 



in the layer sensitive to the radiation, a material 



19. The plate of claim 1 8» havuig a layer sensitive to tiie radiation tiiat is readable at 
least from the front side, flie front side marker fi irtfaer comprising at least one of a void defined 



that enhances a signal returned in the area of 



the maiker when reading the sensitive layer and a material that attenuates the signal returned in 
the area of &e marker when reading the sensitiM s layer. 

20. The plate of claim 19, readable o ily from the front side by exciting the layer 
sensitive to the radiaticm widi an excitation wav ^length to generate a return signal at a return 
signal wavelengdi, the front side maricer fimctio lally opaque to at least one of the excitation 
signal wavelength and the return signal wavelenfi 

21 . The plate of claim 19, wherem the front side maricer fiuiher comprises one of a 
heavy element, an alloy including a heavy elemei^ a compoimd including a heavy element or 
a salt of a heavy elemmt 

22. The plate of claim 21, tiie heavy element being one of Pb, Sn, Bi, I and Ba. 

23. The plate of claim 19, wherein the ^nt side marker further comprises a void 
defined in the layer sensitive to the radiation. 

24. The plate of claim 1, the maricer havilig asymmetry about at least one axis and 
the maricer fiirfher comprising a front side marker an!^ a back side marker. 

25. The plate of claim 24, wherein the marker has horizontal asymmetry about a 
vertical axis relative to a normal uxiage orientation. 



26. The plate ofclaim 25, wherein the front Side maricer furthe 
a region defined to have a directional marker shage pointed in a first direction when 
viewed from the front side. 
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27. The plate of claim 26, wherein tiie back side m&rker further comprises: 
a region defined to have a (directional marker shapeypointed in a second direction 
different from the first durection when viewed from the fipnt side. 



28. The plate of claim 27, wherein the bac] 
the appearance in the image of the front side maiker/ 
side and read firom the front side. 



side marker is positioned so as to alter 
^hen the plate is exposed from the back 



10 29. . The plate ofclaim 24, wherein th^ marker has vertical asymmetry about a 

vertical axis relative to a normal image orientation. 



15 



30. The plate of claim 29, whereinfthe front side marker further comprises: 
a region defined to have adirectionaymarker shape pointed in a first direction yvhen 
viewed from the front side. 
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3 1 . The plate of claim 30, whe^in the back side maiker &rther comprises: 

a region defined to have a directional marker shape pointed in a second direction - 
different from the first direction when viewed 6om the front side. 

32. The plate of claim 31, wherein the back side maiker is positioned so as to 
obscure tiie fix>nt side marker when tiie falate is exposed from the back side and read Srom the 
front side. / 



25 33. The plate of claim 1 9, 

back side maricer is disposed between 



f irther comprising another sensitive layer, wherein the 
he sensitive layer and the other sensitive layer, and the 



plate fiirther comprising anodier front side marker relative to the other sensitive layer. 
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